Abstract: Soil moisture is a central theme in eco-hydrology. Topography, soil characteristics, and vegetation types are significant factors impacting soil moisture dynamics. However, water loss (evapotranspiration and leakage) and its factors of the self-organized vegetation pattern are not clear, which has significant ecologic functions and contributes to different hydrological ecosystem services. From an eco-hydrological point of view, we relied on the observation of rainfall, soil moisture, and soil temperature in the growing season of a drought year to compare soil moisture and temperature dynamics in terms of frequency/probability distribution and water loss among three typical vegetation types in the Qilian Mountains, China. The results indicated that shrubland (the semi-shaded slope) had the highest average soil moisture at the surface soil (0-40 cm) and soil profile during the growing season, while grassland (the south-facing slope) had the lowest daily average soil moisture and highest daily average soil temperature at the surface soil and soil profile. Spruce forest (the shaded slope) had the lowest daily average soil temperature at the surface soil and soil profile (p < 0.001). Water loss among the three vegetation types has a clear positive relationship with soil water content and a negative relationship with soil temperature. The values of water loss between values of water loss at the wilting point and maximum evapotranspiration point tend to occur in wetter soil moisture under the spruce forest and shrubland, whereas that of grassland emerges in drier soil moisture. The spruce forest and shrubland experienced higher water loss than the grassland. Although the spruce forest and shrubland had a better capacity to retain soil water, they also consumed more soil water than the grassland. Soil moisture may be the main factor controlling the difference in water loss among the three vegetation types. These findings may contribute to improving our understanding of the relationship between the soil moisture dynamics and vegetation pattern, and may offer basic insights for ecosystem management for upstream water-controlled mountainous areas.
Introduction
Soil moisture is a critical element in eco-hydrology and the core variable synthesizing the interactions of climate, soil, vegetation, and hydrological cycle [1] [2] [3] . Topography modifies the temporal and spatial distribution of soil moisture by impacting the spatial difference in solar radiation input, water provision. Typical vegetation types in these mountains include spruce forest, grassland, and alpine shrub; they are the main vegetation types in this zone and have obvious self-organized spatial patterns [30, 31] . In order to provide basic information for watershed ecosystem management and gain insights into the soil moisture probability density function (PDF), we examined differences in soil moisture and temperature and the factors influencing these among three typical vegetation types using probability/frequency distribution and water loss methods in a drought year. The objectives of this study were to (1) examine differences in soil temperature and soil water at different soil depths under three vegetation covers; (2) evaluate soil temperature and soil moisture probabilistic/frequency distribution at multiple soil layers and understand their stochastic dynamics in the context of climate change; (3) explore the relationship between evapotranspiration/leakage (water loss) and soil temperature and humidity, and evaluate the values between water loss at the wilting point and at maximum evapotranspiration/leakage point. This study may, thus, provide insight into the different vegetation types' water retention and water use capacities. In line with the relationship between soil moisture and water loss depicted by Liao's methods [12] , we focused on the growing season because the greatest direct hydrological impacts on ecological processes are expected during this time period in most ecosystems.
Materials and Methods

Study Site
The study was conducted in the Pailugou small catchment, near the Dayekou watershed, which is located in the upper reaches of the Heihe River in the Qilian Mountains in the northeastern Chinese Tibetan Plateau (Figure 1 ). This catchment covers an area of about 3 km 2 and the altitude ranges from 2620 to 3788 m. According to the long-term climate record from the meteorological station, the mean annual temperature is about 2.0 • C and the mean annual precipitation ranges from 374 to 407 mm at an elevation of 2700 m, while approximately 65% of the precipitation occurs during the growing season [31] . This region experiences obvious climate change such as an increase in temperature and a decrease in precipitation [32] . Compared with the climate in the adjacent plain region, the Qilian Mountains have characteristics of short growing seasons, low temperatures, and high soil water content [33] . Soil moisture has two major inputs, including snow melt in the late spring and rainfall in the summer. Due to the spatial differences in temperature and precipitation, the vegetation pattern presents a mosaic of patches of grassland, shrubland, and forest. At an elevation of 2900 m, we chose three typical vegetation types with similar slope position and slope degree ( Figure 1 ). The forest site was dominated by Qinghai spruce forests (Picea crassifolia Kom.), which are preferentially located at shaded and semi-shaded slopes at an elevation range of 2600-3300 m. The shrub sites are mainly scattered on the shaded and semi-shaded slopes covered with Dasiphora fruticosa. The dominant species of the grass site are Achnatherum sibiricum, Artemisia frigida, Agropyrom cristatum, and Festuca ovina, which are found on the south-facing slopes. 
Experimental Design and Data Measurements
Before installing the soil temperature and moisture monitoring system, three duplicates of soil samples at the three vegetation types plots were collected at every soil depth (0-10 cm, 10-20 cm, 20-40 cm, 40-60 cm, and 60-80 cm) using a soil auger for determining the average of particle size distribution, bulk density, soil organic matter, field capacity, and porosity within the entire soil observational zone (Table 1) . Rainfall was measured by means of a tipping bucket rain gauge connecting to a data logger with a resolution of 0.2 mm. Three soil moisture and temperature logger systems (Decagon Devices Inc., Pullman, WA, USA) were placed in each typical vegetation plot, and five S-SMC-M005 soil moisture probes (Onset Computer Corporation, Bourne, MA, USA) and five S-TMB-M006 soil temperature probes (Onset Computer Corporation, Bourne, MA, USA) were installed at five soil depths of 10, 20, 40, 60, and 80 cm. Soil moisture and temperature data were automatically collected and recorded by the weather station logger at 30-min intervals during the growing season. Due to the high variability of rainfall distribution along with altitude, we found that a drought year emerged in 2013 comparing to the long-term meteorological observation at an elevation of 2550 m (mean annual rainfall ranged from 289.7 mm to 550.9 mm), where the gross rainfall was just 240.2 mm from 1 June to 30 September in 2013, accounting for about 85% of the year's rainfall at an elevation of 2900 m. Thus, we chose that year as a respective drought year in our analysis because of the longest soil water loss event. Precipitation, soil temperature, and soil moisture data at a diurnal scale were selected for our analysis during the growing season. 
Before installing the soil temperature and moisture monitoring system, three duplicates of soil samples at the three vegetation types plots were collected at every soil depth (0-10 cm, 10-20 cm, 20-40 cm, 40-60 cm, and 60-80 cm) using a soil auger for determining the average of particle size distribution, bulk density, soil organic matter, field capacity, and porosity within the entire soil observational zone (Table 1) . Rainfall was measured by means of a tipping bucket rain gauge connecting to a data logger with a resolution of 0.2 mm. Three soil moisture and temperature logger systems (Decagon Devices Inc., Pullman, WA, USA) were placed in each typical vegetation plot, and five S-SMC-M005 soil moisture probes (Onset Computer Corporation, Bourne, MA, USA) and five S-TMB-M006 soil temperature probes (Onset Computer Corporation, Bourne, MA, USA) were installed at five soil depths of 10, 20, 40, 60, and 80 cm. Soil moisture and temperature data were automatically collected and recorded by the weather station logger at 30-min intervals during the growing season. Due to the high variability of rainfall distribution along with altitude, we found that a drought year emerged in 2013 comparing to the long-term meteorological observation at an elevation of 2550 m (mean annual rainfall ranged from 289.7 mm to 550.9 mm), where the gross rainfall was just 240.2 mm from 1 June to 30 September in 2013, accounting for about 85% of the year's rainfall at an elevation of 2900 m. Thus, we chose that year as a respective drought year in our analysis because of the longest soil water loss event. Precipitation, soil temperature, and soil moisture data at a diurnal scale were selected for our analysis during the growing season. We chose the longest soil water recession period in the summer of the observational year, and this rainless period occurred during a 16-day stretch from 21 June to 6 July in 2013. The water loss from the soil was approximated to obtain an estimate of evapotranspiration and leakage under this rainless period. Water loss (W l ) can be calculated using the daily average of volumetric soil moisture at a given day (S t ) minus the daily average of volumetric soil moisture from the following day (S t+1 ). Based on the soil water balance principle, water storage loss can be calculated as follows:
where d f refers to the measure depth (cm), and W l refers to the cumulative water loss (mm). In exploring the relationship between soil water loss and soil moisture at each depth, water loss of a particular layer can be calculated as follows:
where W i.l refers to soil water loss in i depth at 10, 20, 40, 60, and 80 cm; S i,t , S i,t+1 represent volumetric soil moisture in i depth on a given day and the following day, respectively; and d is a constant (10 cm) with which to compare every depth soil water loss.
From an eco-hydrological point of view, soil water losses (evapotranspiration and leakage) as a function of soil water content play a critical role in understanding the difference in ecohydrological function under different vegetation types. In general, as long as soil water content is sufficient to permit the normal course of plant growth, water loss is assumed to occur at a maximum rate (E max ), while E max decreases almost linearly to a value of water loss (E w ) at the so-called wilting point along with the reduction of soil moisture [12, 22] Values of water loss were collected between E w and E max to analyze the effect of different vegetation types on water loss. Estimations of E w and E max were derived from calculations of W l during the longest soil water recession period in the summer of the observation year. W l among three vegetation types was then related to daily average soil moisture at the surface soil (0-40 cm), and W i.l of the grassland was correlated with the daily average soil moisture at the soil profile (0-80 cm) because soil water loss was still obvious at deeper soil in grassland. At the same time, a scatter plot was made of the relationships between the values within E w and E max with the soil moisture dynamics, as well as the relationship of soil moisture and temperature, to show the differences in different vegetation types.
Statistical Analysis
One-factor analysis of variance (ANOVA) was conducted using SPSS 21.0 software (SPSS Inc., Chicago, IL, USA). One-way ANOVAs were performed to compare the soil moisture and soil temperature among the three vegetation types (grassland, shrubland, spruce forest) for the entire observation period. A multiple comparisons test was performed using the least significant difference (LSD) method for soil moisture and temperature across the three vegetation types. A linear regression analysis was conducted to determine the relationship between soil water loss and soil moisture. Next, average soil temperature and soil moisture at multiple depths during the growing season were depicted by box plot. In addition, soil moisture and temperature dynamics were analyzed by frequency distributions and cumulative frequency distributions at different depths using the OriginPro 9.0 software (OriginLab Corporation, Northampton, MA, USA). The level of significance for all statistical tests was set at p < 0.05.
Results
Soil Moisture Dynamics
Rainy days at 2900 m accounted for 61.7% of rainfall during the growing season in 2013 (Figure 2 ). The precipitation patterns in the Qilian Mountain at 2900 m are obviously heterogeneous in terms of temporal distribution, and most of the rainfall occurred in June (164.8 mm) and July (73.2 mm). The total rainfall amounted to 240.2 mm from June to September in 2013, and the percentage of rainfall events of more than 5 mm during the growing season accounted for 38.3% of total rainfall events. Thus, the year 2013 was a drought year and the soil moisture dynamics soon represented the characteristics of a drought year compared to the long-term mean annual rainfall of 380.4 mm at an elevation of 2550 m. There is a clear positive response relationship between soil moisture and rainfall ( Figure 2 ). Continuous heavy rainfall (>20mm) gave rise to the soil moisture's strong response to precipitation for all vegetation covers. The highest peak of soil moisture dynamics occurred on 20 June because of five major rainfall events. Response time to rainfall was approximately one day apart in the three types of vegetation.
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Soil moisture was found to vary between different vegetation cover conditions during the growing season. Although the response of soil moisture to rainfall under different vegetation types obviously differs, the order for daily average soil moisture at the surface soil (0-40 cm) remains consistent: shrubland > spruce forest > grassland ( Figure 2 ). The soil moisture was significantly different at all soil depths (p < 0.05) ( Table 2 and Figure 3 ). The wettest soil moisture conditions were observed in the shrubland at all depths; the spruce forest had increasingly higher soil moisture values at a soil depth of 0-60 cm than the grassland, while the grassland had slightly higher values at a soil depth of 60-80 cm than the spruce forest. The grassland had the lowest soil moisture values at a soil depth of 0-60 cm. In addition, an increase in soil moisture along with soil depth was also observed under spruce forest except at a soil depth of 60-80 cm, while a decrease in soil moisture of grassland was also seen at a soil depth of 10-80 cm (Figure 3 ). This pattern is consistent with the mean soil moisture vertical distribution during all growing seasons (Figure 3) . depth of 60-80 cm than the spruce forest. The grassland had the lowest soil moisture values at a soil depth of 0-60 cm. In addition, an increase in soil moisture along with soil depth was also observed under spruce forest except at a soil depth of 60-80 cm, while a decrease in soil moisture of grassland was also seen at a soil depth of 10-80 cm ( Figure 3 ). This pattern is consistent with the mean soil moisture vertical distribution during all growing seasons (Figure 3 ). Patterns of difference in the frequency distributions of soil moisture were consistent with the soil moisture presented in Figure 3 at all soil depths (Figure 4) . However, the shrubland had the wettest soil moisture frequency distributions in the soil profile (concentrated at a soil moisture content > 0.2 m 3 /m 3 ), while the grassland had the driest soil moisture frequencies (concentrated at a soil moisture content < 0.2 m 3 /m 3 ). In addition, grassland had a wetter soil moisture frequency distribution with soil depth, while spruce forest and shrubland had an increasing wetter soil moisture frequency distribution at a soil depth of 0-40 cm, which then gradually turned into a drier soil moisture frequency distribution at a soil depth of 40-80 cm. At a 60-80-cm soil depth, the spruce forest and grassland show a trend toward a drier soil moisture value than the shrubland. Cumulative frequency distribution shapes at all depths are similar to an extensive "S" in the grassland and shrubland, while the spruce forest has a cumulative frequency distribution shape with a steeper slope, especially in the shallowest soil layers. This finding shows that the spruce forest has a more concentrated soil moisture range, while the dynamics of soil water have a more extensive range in the grassland and shrubland. Patterns of difference in the frequency distributions of soil moisture were consistent with the soil moisture presented in Figure 3 at all soil depths (Figure 4) . However, the shrubland had the wettest soil moisture frequency distributions in the soil profile (concentrated at a soil moisture content > 0.2 m 3 /m 3 ), while the grassland had the driest soil moisture frequencies (concentrated at a soil moisture content < 0.2 m 3 /m 3 ). In addition, grassland had a wetter soil moisture frequency distribution with soil depth, while spruce forest and shrubland had an increasing wetter soil moisture frequency distribution at a soil depth of 0-40 cm, which then gradually turned into a drier soil moisture frequency distribution at a soil depth of 40-80 cm. At a 60-80-cm soil depth, the spruce forest and grassland show a trend toward a drier soil moisture value than the shrubland. Cumulative frequency distribution shapes at all depths are similar to an extensive "S" in the grassland and shrubland, while the spruce forest has a cumulative frequency distribution shape with a steeper slope, especially in the shallowest soil layers. This finding shows that the spruce forest has a more concentrated soil moisture range, while the dynamics of soil water have a more extensive range in the grassland and shrubland. Soil temperature decreased along the soil profile under all vegetation types ( Figure 5 ). Both the grassland and shrubland showed significantly higher soil temperatures at all depths (0-10, 10-20, 20-40, 40-60, and 60-80 cm) compared to the spruce forest. A significant difference was found in soil temperature under the three vegetation covers at all depths (Table 3 ). This finding is illustrated in Figures 2 and 5 , which show the average growing season soil temperature and average daily soil temperature under the three vegetation types over time or space (vertical direction) as follows: grassland > shrubland > spruce forest. Soil temperature decreased along the soil profile under all vegetation types ( Figure 5 ). Both the grassland and shrubland showed significantly higher soil temperatures at all depths (0-10, 10-20, 20-40, 40-60, and 60-80 cm) compared to the spruce forest. A significant difference was found in soil temperature under the three vegetation covers at all depths (Table 3 ). This finding is illustrated in Figures 2 and 5 , which show the average growing season soil temperature and average daily soil temperature under the three vegetation types over time or space (vertical direction) as follows: grassland > shrubland > spruce forest. Figures 2 and 5 (Figure 6 ). Furthermore, the shrubland and spruce forest had lower temperature frequency distributions in the soil profile (concentrated in soil temperatures < 10 °C), while the grassland showed the highest soil temperature frequency distributions (concentrated in soil temperatures > 10 °C). The three vegetation types have more wide-ranging soil temperature frequency distributions in the top layer. The cumulative frequency distribution shapes are also similar to an extensive "S" in all plant covers at shallow soil layers, while deeper soil layers have a cumulative frequency distribution shape with a steeper slope along with increasing soil depth. This result indicates that the top soil layer has a broader soil temperature range, while the soil temperature has a more concentrated range in deeper soil layers. The frequency distributions of soil temperature were consistent with the soil temperature patterns displayed in Figures 2 and 5 (Figure 6 ). Furthermore, the shrubland and spruce forest had lower temperature frequency distributions in the soil profile (concentrated in soil temperatures < 10 • C), while the grassland showed the highest soil temperature frequency distributions (concentrated in soil temperatures > 10 • C). The three vegetation types have more wide-ranging soil temperature frequency distributions in the top layer. The cumulative frequency distribution shapes are also similar to an extensive "S" in all plant covers at shallow soil layers, while deeper soil layers have a cumulative frequency distribution shape with a steeper slope along with increasing soil depth. This result indicates that the top soil layer has a broader soil temperature range, while the soil temperature has a more concentrated range in deeper soil layers. 
Water Loss and Its Relationship to Soil Moisture and Temperature
As shown in Figure 7 , we found the values between the estimated and to show the differences in both the slope of the trend line and the position of the trend line under the three vegetation types. The grassland showed the lowest change of vegetation types examined in our research, and the values from to occurred in the driest soil moisture, while the wilting point occurred in soil water content of approximately 0.1 m 3 /m 3 . However, the spruce forest had the greatest variation of water loss from to , and the wilting point occurred in soil moisture content of approximately 0.17 m 3 /m 3 , while the shrubland displayed a greater change between and than the grassland, and the wilting point occurred in wetter soil moisture conditions of approximately 0.24 m 3 /m 3 . The position of the values from to in the spruce forest and shrubland occurred in wetter soil moisture content. In addition, the relationship between water loss and soil moisture in the spruce forest and shrubland was statistically analyzed, and the positive correlation was found to be significant, with soil water content directly impacting water loss. 
As shown in Figure 7 , we found the values between the estimated E w and E max to show the differences in both the slope of the trend line and the position of the trend line under the three vegetation types. The grassland showed the lowest change of vegetation types examined in our research, and the values from E w to E max occurred in the driest soil moisture, while the wilting point occurred in soil water content of approximately 0.1 m 3 /m 3 . However, the spruce forest had the greatest variation of water loss from E w to E max , and the wilting point occurred in soil moisture content of approximately 0.17 m 3 /m 3 , while the shrubland displayed a greater change between E w and E max than the grassland, and the wilting point occurred in wetter soil moisture conditions of approximately 0.24 m 3 /m 3 . The position of the values from E w to E max in the spruce forest and shrubland occurred in wetter soil moisture content. In addition, the relationship between water loss and soil moisture in the spruce forest and shrubland was statistically analyzed, and the positive correlation was found to be significant, with soil water content directly impacting water loss. However, the linear regression between water loss and soil moisture under the grassland had the lowest degree of confidence (p < 0.133), which may be the result of ignoring the vertical difference in water loss caused by the uneven vertical distribution of soil moisture and root density. Consequently, Figure 8 depicts the correlation of water loss and volumetric soil moisture at different soil depths under different vegetation types. The result shows that the values between and showed a difference in the slope of the trend line and the position of the trend line with soil depth in the grassland. Moreover, the positive correlation of , and soil moisture was statistically significant at soil depths of 0-10, 10-20, and 20-40 cm, while the linear regression between water loss and soil moisture had a lower degree of confidence at the 40-60-cm soil depth in the grassland. In addition, soil moisture under grassland increased at the 60-80-cm soil depth in this period. These results show that soil water content had a positive impact on water loss at soil depths of 0-10, 10-20, and 20-40 cm, while water loss underwent little change at the 40-60-cm soil depth, and no water loss occurred at the 60-80-cm soil depth. A significant negative correlation between soil moisture and soil temperature at the surface soil was found with differences in both the slope of the trend line and the position of the trend line in all vegetation types (Figure 9 ). The warmest soil was that in the driest grassland, while relatively cold soil temperature was found in the wetter soil under the spruce forest and shrubland. Overall, the spruce forest and shrubland had a higher sensitivity to soil temperature than the grassland. However, the linear regression between water loss and soil moisture under the grassland had the lowest degree of confidence (p < 0.133), which may be the result of ignoring the vertical difference in water loss caused by the uneven vertical distribution of soil moisture and root density. Consequently, Figure 8 depicts the correlation of water loss and volumetric soil moisture at different soil depths under different vegetation types. The result shows that the values between E w and E max showed a difference in the slope of the trend line and the position of the trend line with soil depth in the grassland. Moreover, the positive correlation of W i,l and soil moisture was statistically significant at soil depths of 0-10, 10-20, and 20-40 cm, while the linear regression between water loss and soil moisture had a lower degree of confidence at the 40-60-cm soil depth in the grassland. In addition, soil moisture under grassland increased at the 60-80-cm soil depth in this period. These results show that soil water content had a positive impact on water loss at soil depths of 0-10, 10-20, and 20-40 cm, while water loss underwent little change at the 40-60-cm soil depth, and no water loss occurred at the 60-80-cm soil depth. A significant negative correlation between soil moisture and soil temperature at the surface soil was found with differences in both the slope of the trend line and the position of the trend line in all vegetation types (Figure 9 ). The warmest soil was that in the driest grassland, while relatively cold soil temperature was found in the wetter soil under the spruce forest and shrubland. Overall, the spruce forest and shrubland had a higher sensitivity to soil temperature than the grassland. However, the linear regression between water loss and soil moisture under the grassland had the lowest degree of confidence (p < 0.133), which may be the result of ignoring the vertical difference in water loss caused by the uneven vertical distribution of soil moisture and root density. Consequently, Figure 8 depicts the correlation of water loss and volumetric soil moisture at different soil depths under different vegetation types. The result shows that the values between and showed a difference in the slope of the trend line and the position of the trend line with soil depth in the grassland. Moreover, the positive correlation of , and soil moisture was statistically significant at soil depths of 0-10, 10-20, and 20-40 cm, while the linear regression between water loss and soil moisture had a lower degree of confidence at the 40-60-cm soil depth in the grassland. In addition, soil moisture under grassland increased at the 60-80-cm soil depth in this period. These results show that soil water content had a positive impact on water loss at soil depths of 0-10, 10-20, and 20-40 cm, while water loss underwent little change at the 40-60-cm soil depth, and no water loss occurred at the 60-80-cm soil depth. A significant negative correlation between soil moisture and soil temperature at the surface soil was found with differences in both the slope of the trend line and the position of the trend line in all vegetation types (Figure 9 ). The warmest soil was that in the driest grassland, while relatively cold soil temperature was found in the wetter soil under the spruce forest and shrubland. Overall, the spruce forest and shrubland had a higher sensitivity to soil temperature than the grassland. 
Discussion
Soil Moisture Dynamics under the Three Vegetation Types
In water-controlled ecosystems, soil water availability is the water resource that closely limits ecological processes. Small rainfall events account for most of precipitation during growing season and are, thus, ecologically significant in semiarid regions [34] . In contrast with small rainfall events that do not obviously give rise to soil moisture pulses, large rainfall events cause an intensive effect on the obvious increase of soil moisture in surface soil and even in deeper soil depths [10] . In our study, we found that the events of rainfall amounting to less than 5mm accounted for most of the rainfall events during the growing season, and that daily mean soil moisture dynamics at the surface soil was pulsed by large rainfall events or continuous heavy rainfall events. This is consistent with a former study showing that large rainfall events (>20 mm) caused obvious pulses of soil moisture [10] .
Soil moisture dynamics are controlled by many eco-hydrological factors, including rainfall, vegetation type, soil properties, and topography [7, 10, 16, 17, 35] . Soil properties directly influence soil infiltration capacity and runoff, while the canopy interception, pant root uptake, and transpiration rate are also influenced by vegetation [6, 36, 37] . The obvious difference in daily mean soil water storage at the surface soil under the three vegetation types mainly stems from the difference in vegetation types, soil properties, and topography (slope aspect). According to soil sample analysis, sand, soil organic matter, and porosity in the spruce forest and shrubland were found in higher proportions than in grassland, while bulk density was greater in grassland. Therefore, the Qinghai spruce forest and shrubland had a better capacity to conserve water at the root soil layer than the grassland in the Qilian Mountains [7, 38] . In this study, the shrubland was observed to have the wettest soil moisture content in the soil profile, and the spruce forest had increasingly wetter soil moisture values at the 0-60-cm soil depth than the grassland. Meanwhile, grassland had the driest soil moisture values, aside for the bottom layer. There is slightly less soil moisture in the Qinghai spruce forest than the shrubland, as the Qinghai spruce forest consumes more soil water to sustain various life activities. Furthermore, the grassland on the sunny slopes (south-facing) has the highest soil temperature, while the Qinghai spruce forest on the shaded slopes (north-facing) has the lowest soil temperature among the three vegetation types. The main underlying reasons for this pattern involve the specific micro-climate depending on the vegetation and topography (slope aspect), resulting in lower temperature and reducing evapotranspiration (ET) [4, 8] . Furthermore, vegetation cover and soil organic matter increase soil infiltration and reduce surface evaporation [39] [40] [41] [42] [43] . All in all, the vegetation can affect soil organic matter content, which directly influences the ability of the soil to reserve water. Because of the higher soil organic matter, the terrain, and the difference of the vegetation, the spruce forest and shrubland had a higher soil moisture and lower soil temperature than the grassland [14, 38, 40, 43] . 
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Soil Moisture and Soil Temperature Probability Distribution and Response to Climate Change
The probabilistic/frequency approach is an effective tool for evaluating soil moisture characteristics [3] . Drier soil moisture frequency distributions can also give rise to plant water stress, and the differences of vegetation type response to water stress can impact the composition of the vegetative community [44] [45] [46] . The shrubland and spruce forest were observed to have lower soil temperature and the wettest soil moisture of frequency distributions in the soil profile, while the grassland had the highest temperature and the driest soil moisture of frequency distributions in the soil profile. In addition, the surface soil was shown to have a more extensive soil temperature range, while the variety of soil temperature had a more concentrated range with soil depth; the spruce forest had a more concentrated soil moisture range, while the change in soil water had a more extensive range in the grassland and shrubland. Grassland had a drier soil moisture frequency distribution with soil depth, and the conditions were unable to support spruce forest and shrubland for survival. These results indicate a higher interaction between the soil and plants due to the difference in soil temperature and self-organization vegetation [18, 47] , and it is possible that deeper soil in grassland will go through more water stress, and a soil drought layer will emerge [10, 22] .
The combined effects of altered temperatures and precipitation regimes would impact soil moisture and temperature dynamics and would be representative of an unpredictable change to the exterior factors of ecosystem [21, 26] . At a continental scale, soil moisture anomalies may affect the probability of the occurrence of subsequent precipitation and two preferential states between a "dry" and a "wet" state may explain the persistence of droughts in summer [20, [48] [49] [50] . However, no significant bimodality was observed in the grassland ecosystem of Qilian Mountains, where the modality of soil moisture dynamics tends to be slightly more prone to drought [51] . Yin indicated that the annual mean air temperature and precipitation of the Qilian Mountains presented an increasing tendency during the most recent 50 years, and that climate warming and wetting are typical features in the Qilian Mountains [52] . Consequently, the soil moisture probability distribution would tend toward a wetter state among the three vegetation types, while the soil temperature probability distribution would tend toward hotter conditions in the context of climate warming and wetting of the Qilian Mountain region, whereas soil moisture dynamics under the grassland would be more complex [10, 51] .
Water Loss and Its Driving Factors
Soil moisture content directly impacts evaporation and transpiration, which represent vegetation eco-hydrological functions [3, 12] . The values of water loss from water loss at wilting point (E w ) to the maximum evapotranspiration point (E max ) changed under typical vegetation types in the Qilian Mountains. The spruce forest and shrubland have higher soil moisture, resulting in the range from the wilting point to maximum evapotranspiration point occurring in wetter soil moisture content. The grassland has the driest soil conditions and the highest soil temperature. A lower soil moisture content and a higher soil temperature would cause water stress for plants [22, 23, 53] . The grassland would be able to withstand lower soil moisture content by increasing the root growth, while the spruce forest and shrubland may have less resistance to extreme drought events. Due to the loss of soil water being closely related to soil water content, water loss of the spruce forest and shrubland is greater than that in the grassland.
Temperature and root density are main factors leading to the loss of soil water [16, 41, 54] . Since the roots of grassland are mainly distributed in the surface soil (0-40 cm) [51] , the linear regression between water loss (W i,l ) and mean soil moisture at the surface soil in the grassland had the lowest degree of confidence, while the linear relationship of W i,l and soil moisture had a higher testing statistical significance at the surface soil than at deeper soil depth. This result shows that roots in the grassland rarely contact and consume soil water below 40 cm in soil depth. In addition, we found that soil moisture decreased significantly with the increase in soil temperature at the surface soil under all three vegetation types. The spruce forest and shrubland have higher water loss values than the grassland due to higher root mass and higher soil moisture [41] . Among the three vegetation types, the grassland had the highest soil temperatures corresponding to less soil water losses, while the spruce forest and shrubland showed the strongest micro-climate effect due to high vegetation coverage and terrain, resulting in lower temperatures and greater water loss during the longest drying period. Soil temperature can affect plant root up-take and evaporation and, therefore, water loss [22] . These results indicate that soil moisture at the surface soil could not ignore the vertical difference in water loss caused by the soil moisture and root density in the soil profile, and that soil temperature plays a critical role in soil moisture dynamics. Although both soil moisture and soil temperature can lead to water loss, soil moisture may be the main factor controlling the difference in water loss under the three vegetation types.
Conclusions
The storage, use, and regulation of water as a key resource under a dry climate are critical scientific themes for dryland water and ecosystem management. In the drought year, the order for daily average soil moisture at the surface soil (0-40 cm) and the vertical distribution of mean soil moisture in the soil profile under the observed main vegetations during the growing season was as follows: shrubland > spruce forest > grassland. The Qinghai spruce forest and shrubland had lower soil temperature, while the grassland had the highest soil temperature. Furthermore, the shrubland demonstrated the wettest soil moisture content at soil profile. Vegetation, soil properties, and topography (slope aspect) were the main reasons giving rise to the difference in soil moisture and temperature and its probability distribution under the three vegetation types. This study shows that the Qinghai spruce forest and shrubland had a better capacity to conserve water at the surface soil layer than the grassland, and that the deeper soil in grassland is more likely to go through water stress. The soil moisture probability distributions of the three vegetation types would grow in a wetter state, while the soil temperature probability distribution of the three vegetation types would experience warmer conditions in the context of climate warming and increased wetting of the Qilian Mountain region. Due to the difference in soil moisture, the values between water loss at the wilting point and maximum evapotranspiration point occur in wetter soil moisture content under the spruce forest and shrubland, while that of grassland emerges in drier soil moisture. Therefore, soil moisture may serve as the main factor controlling the difference in water loss under the three vegetation types. Using a probability distribution method and water loss function from an eco-hydrological point of view contributes to an improved understanding of the relationship between the rainfall, soil moisture, and vegetation at a plot or field scale for a semi-arid mountain ecosystems.
